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Abstract:  Hot electron cooling  rate P, due to acoustic phonons,  is investigated   in three-dimensional Dirac fermion 
systems at low temperature taking account of  screening of electron-acoustic phonon interaction.  P is studied as a function 
of electron  temperature Te and electron concentration ne.  Screening is found to suppress  P very significantly for about Te< 
0.5 K  and its effect reduces considerably for about Te > 1K in Cd3As2 . In Bloch-Gruniesen (BG) regime, for screened 
(unscreened) case Te dependence is   P ~ Te
9 (Te
5) and  ne dependence gives P ~ ne
-5/3(ne
-1/3). The Te dependence is 
characteristics of 3D phonons and ne dependence is characteristics of 3D Dirac fermions. In BG regime, screening effect is 
found to enhance for larger ne. Screening is found to reduce the range of validity of  BG regime temperature. Plot of P /Te
4 vs 
Te shows a maximum  at temperature Tem which shifts to higher values for larger ne. Interesting observation is that maximum 
of   P /Te
4 is nearly same for different ne and Tem / ne
1/3 appears to be nearly constant. More importantly, we propose, the ne 
dependent measurements of P would provide a clearer signature to identify 3D Dirac semimetal phase.  
PACS number(s):71.55.Ak, 72.10.-d, 72.20.Ht, 
 
I. INTRODUCTION 
 
During the last couple of years enormous 
interest is focused on three-dimensional Dirac 
semimetals (3DDS) phase, the 3D analogue of graphene, 
as they are predicted to host many exciting physical 
phenomena. 3D Dirac semimetals have linear gapless 
massless electron and hole bands meeting at Dirac point.  
Predictions of 3D Dirac semimetals [1,2] are realized 
experimentally in Na3Bi [3] and Cd3As2 [4-6] and these 
are the only two widely and extensively studied. More 
recently, Chen et al [7] fabricated a high quality 3DDS 
Cd3As2 microbelts  by a chemical vapour deposition 
method, with ultrahigh electron mobility 2x104cm2/V s at 
300 K. This is expected to  open up a new avenue for 
fabrication of scalable Cd3As2 materials towards exciting 
electronic applications of 3D Dirac semimetals. Very 
recently, measured  ultrahigh mobility 9×106 cm2 V−1 s−1 
at 5 K is reported in Dirac semimetal Cd3As2 which is 
attributed to a remarkable mechanism that strongly 
suppresses backscattering of the carriers [8]. There exists    
theoretical  work  discussing  the transport properties  of 
3D Weyl and Dirac  semimetals [9,10]. Using the semi-
classical Boltzmann transport theory in the relaxation 
time approximation, an investigation of screening effects 
on transport relaxation time  of 3D Dirac semimetals has 
been made, considering the  momentum relaxation 
processes due to  scattering by short-range and long-
range disorder, and acoustic phonons [10]. Scattering by 
acoustic phonons via deformation potential coupling is 
shown to be dominant one and limits the mobility at 
higher temperature. Strength of this mechanism is 
determined by electron-phonon  deformation potential 
coupling  constant D, a key parameter rarely addressed in 
bulk Cd3As2 semiconductor. There is only one paper 
making an attempt to determine D (10-30 eV) by fitting 
the theory of thermopower via mobility to the 
experimental data in bulk Cd3As2 [11].  
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Study of transport in high electric field  in 
3DDS is yet to begin. In high electric field, electrons gain  
energy and thermalize rapidly among themselves leading 
to the establishment of ‘hot electron’ temperature Te 
which is greater than the lattice temperature T. In the 
steady state, these electrons lose their energy by emission 
of phonons. This hot electron energy relaxation /cooling 
takes place with acoustic and optical phonons as the 
dissipative channels. The electron heating effect has 
become extremely important for the device operation in 
the high field region. It affects the thermal dissipation 
and heat management in electronic devices. Electron 
cooling rate studies provide insight into the thermal link 
between electrons and phonons. Electron heating by 
photons finds potential applications in bolometry and 
calorimetry.   
 
Hot electron relaxation, at low temperature, 
depends purely on electron-acoustic phonon interaction 
and is used as tool to determine the electron-phonon 
coupling strength. Hot electron cooling is extensively 
studied in bulk semiconductors [12-13], conventional 
two-dimensional electron gas (2DEG) of low-
dimensional semiconductor heterostructures [14-21], 
graphene [22-35] and monolayer MoS2[36]. In bulk 
semiconductors electron gas is three-dimensional 
(3DEG) and in the latter three  systems electron gas is 
2DEG. In  graphene, experimental investigations of hot 
electron energy relaxation as function of electron 
temperature and carrier concentration [29, 30, 35] are 
used  to determine the electron-acoustic  phonon 
deformation potential coupling constant D by comparing 
the experimental observations with the theoretical 
predictions [22,34]. Similarly, study of this property is 
used to determine D in GaAs/GaAlAs [15,16] and 
Si/SiGe [20] heterojunctions (HJs). Very recently, hot 
electron cooling in Weyl and Dirac 3D semimetal, a key 
issue with the possible applications in  electronic ultrafast 
and high field devices based on this material, by 
exchange of energy with acoustic phonons has been 
theoretically explored including the effect of disorder 
[37]. This study is without taking account of effect of 
screening of electron-acoustic phonon interaction. There 
is also a recent experimental report, by  ultrafast transient  
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measurements,  on electron  energy relaxation in Cd3As2 
at higher temperature [38]. These  observations suggest 
the cooling to proceed first through rapid emission of 
optical phonons, then through slower emission of  
acoustic phonons.   
 
Effect of screening of electron-acoustic phonon 
interaction is expected to change the magnitude and 
temperature dependence of cooling very significantly, 
particularly at low temperatures as shown in 
semiconductor heterostructures [16,18]. We study, 
theoretically, hot electron cooling taking account of  
screening in 3D Dirac fermions, in absence of disorder, 
at low temperature.  Its dependence on temperature and 
electron concentration is investigated and power laws are 
given in very low temperature regime both for screened 
and unscreened electron-acoustic phonon coupling. From 
these studies we make a significant proposal  that these 
power laws with regard to electron concentration 
dependence can be used to identify the 3D Dirac phase of 
the material. Electron  scattering by optical phonons in 
3D Dirac materials is  likely to be less significant for 
temperatures up to a few hundred Kelvin [37] and it is 
ignored in the present work.   
 
II. THEORETICAL FORMALISM OF 
COOLING POWER 
 
In a 3D Dirac semimetal the low-energy linear 
electronic Dirac band dispersion Ek= ± sħvf│k│, where 
s=±1 (with+/- signs denoting electron/hole bands), vf is 
the Fermi velocity,  k is the 3D wave vector of the  
electron. The corresponding electron velocity vk= 
(1/ħ)∇kEk and the  density of states D(Ek)=  
gEk
2/[2π2(ħvf)
3], where g is the degeneracy factor.  The 
conduction and valence band meet at the Dirac point and 
make the system a gapless semiconductor or a semimetal 
with the zero effective mass of the carriers.  
 
We work in the electron temperature model in 
which electrons are assumed to obey Fermi-Dirac 
statistics with temperature Te which is  given by  f(Ek)= 
[exp[(Ek-Ef)/kBTe}+1]
-1. Following the technique given in 
[12,15,22], the average electron energy loss rate 
<dEk/dt> = P can be obtained by calculating the total  
energy gained by the phonons from the electrons and 
dividing by the total number of electrons Ne. It is given 
by P = (1/Ne)∑qħωq (dNq/dt), where dNq/dt is the rate of 
change of phonon distribution Nq due to electron-phonon 
coupling. We assume 3D longitudinal acoustic phonons 
of energy ħωq  and wave vector q  to interact with 3D 
Dirac electrons via deformation potential coupling [10]. 
The corresponding matrix element is given by |C(q)|2= 
(D2ħq/2Vρvs)(1+cosθ)/2, V is the volume of the sample, ρ 
is the mass density, vs is the velocity of the phonon and θ  
is the angle between the initial k and final k′ state vectors 
of the electron.  
 
The rate of change of phonon distribution due 
to electron-acoustic phonon interaction  is given by 
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where ε(q) is the screening function. In the equation for 
P, due to Kronecker delta function, the summation over q 
is replaced by  the  summation over k′, which inturn is 
replaced by the integral  
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Integration  with respect to Ek′,is carried out using Dirac 
delta function. Converting the θ integration into q 
integration, in the quasielastic approximation [10] (which 
gives |Sin(θ/2)|= q/2k), we obtain 
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where ne= Ne/V electron concentration, (ħωq)max= 
(ħωq)q=2k=2vsEk/vf and Nq(T)= [exp(ħωq/kBT)-1]
-1 is the 
Bose distribution at temperature T. In obtaining Eq.(3), 
the identity(Nq+1)f(Ek+ħωq)[1-f(Ek)]-Nqf(Ek)[1-f(Ek+ 
ħωq)]= [Nq(Te)-Nq(T)][f(Ek)-f(Ek+ ħωq)] has been used. 
Now, the summation over k is converted to integration 
over energy Ek, which gives 
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Then, using the matrix element │C(q)│2= 
(D2ħq/2Vρvs)[1-(q/2k)
2], we obtain 
 
 
 

0
)(
0
2
2
3
24473
2 max
)(
)(
))((
8
q
q
E
ddE
vvn
gD
P
sfe





 


qk
qqk
 
      
)],()()][()()[,( qkk  EfEfTNTNkqg e qq   (5)
 
where g(q,k)= [1-(ħωq/Ek)
2 (vf/2vs)
2 ]. The temperature 
independent  screening function ε(q)= 1+(qTF/q)
2, where 
qTF = (4πe
2D(Ef)/εs)
1/2  [10]  is the Thomas-Fermi 
screening wave vector and  εs is the static dielectric 
constant of the material.
 
 
 
At very low temperatures, the Bloch-Gruneisen 
(BG) regime (q<<2kf  and ħωq≈ kBT) is characterised by 
temperature TBG = 2vskf/kB, where kf =(6π
2ne/g)
1/3 is the 
Fermi wave vector. For T<< TBG  , we approximate f(Ek)-
f(Ek+ ħωq) ≈ ħωq δ(Ek – Ef),  (Ek+ ħωq) ≈ Ek and g(q,k) 
≈1. Screening function is also approximated to be ε(q)≈ 
(qTF/q)
2. Then, expressing  P = F(Te)-F(T)  [16,18], we 
have 
 
F(Te) =  F
0 4!ζ(5) Te
δ    with  δ=5            (6a) 
 
for unscreened electron-phonon coupling and 
 
F(Te) = F
0 S2 8!ζ(9) Te 
δ with  δ=9               (6b) 
    
for screened electron-phonon coupling. Here 
 
F0= [gD2Ef 
2kB
5]/[8π3ρħ7nevs 
4vf 
4],  S=(kB/qTFħvs)
2.     (6c)  
 
It is found that  
 
F(Te)
 ~ (ne)
- p ,           (7) 
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where p=5/3 (1/3)  with (without) screening.  
 
We express TBG= 37.5vsne
1/3 K, with vs (ne ) taken 
in units of 106 cm/s (1018 cm-3).  In Cd3As2  Dirac 3D 
semimetal TBG=  8.627 K  for  vs= 2.3x10
5 cm/s and ne= 
1x1018 cm-3.  
 
 
III.   RESULTS AND DISCUSSION 
 
In the following, hot electron   cooling rate is  
numerically  investigated as a function of  electron 
temperature Te (= 0.1-50 K)  and electron concentration 
ne = (1- 30)x10
17 cm-3 taking lattice temperature T=0 K. 
The ne range is restricted for which Ef will be less than 
the band inversion energy scale of about 250 meV [2,37] 
as the Dirac description of Cd3As2 is only applicable 
below this energy scale.  These evaluations are made in  
3D Dirac semimetal Cd3As2 using the reasonably known 
material parameters : D= 20 eV [11], ρ =7.0 gm/cm3,  vs= 
2.3x105 cm/s, vf= 1x10
8cm/s [37], εs=36 [39] and g=4 
[37]. To bring out the effect of screening, P calculations 
are presented with and without (i.e. ε(q)=1) the screening 
of electron-acoustic phonon coupling. We use 
temperature independent screening function, in the 
present work for illustration. It is reasonable, in the 
temperature range of interest considered, in view of the 
demonstration of  electrical conductivity calculations 
showing no effect of temperature dependence of 
screening for Te ≤ 0.1Tf, where Tf ( = Ef/kB= 2320 K for  
Ef =200 meV) is the Fermi temperature [10].  
 
In Fig. 1, P is plotted as a function of Te for 
ne=1x10
18cm-3. The curves are shown for screened and 
unscreened interaction along with the respective BG 
regime power laws. In the very low Te region, for both 
screened and unscreened coupling case, P increases very 
rapidly. Then, at higher Te this dependence becomes 
weaker and  reaches nearly a linear behaviour. P, with 
screening, is found to increase more rapidly with the 
increasing temperature than unscreened P does. This 
increase of P, with screening,  is more rapid in 3DDS  as 
compared to semiconductor  HJs [16] and Si-MOSFETs 
[18] due to stronger q dependence of screening function 
in the former case. The rapid increase, at lower Te, may 
be  attributed to the increasing number of phonons as 
their wave vector q ≈ kBTe/ħvs increases linearly with Te. 
Screening is found to suppress P very significantly at 
very low Te. For eg . at Te= 0.1 K, P is reduced by about 
two orders of magnitude and at 1 K the reduction is by 
about 1.5times. For still higher temperatures the effect of 
screening tends to be still smaller in Cd3As2. Whereas, 
screening is found to be still important in GaAs HJs [16] 
and Si-MOSFETs [18]  at higher temperatures.  In this  
context it is to be noted that in Cd3As2  the dielectric 
constant εs=36 is  relatively large, which is nearly three 
times that in GaAs HJs and Si-MOSFETs.   
 
In the   Bloch-Gruneisen regime  P ~ Te 
δ with 
δ= 9(5) for screened (unscreened) electron-phonon 
coupling. Acoustic-phonon limited resistivity in BG 
regime shows the same temperature dependence [10].  
The value of     δ= 5  is characteristics of 3D phonons, as 
found in GaAs/GaAlAs HJs [16] and Si-MOSFETs [18], 
for the unscreened deformation potential coupling. This 
is in contrast with δ= 4 in  graphene [12,34] and 
monolayer MoS2 [36] in which phonons are  2D in 
nature.  For the screened case, the value of δ= 9 in 
Cd3AS2, in contrast with  δ= 7  in GaAs/GaAlAs [16] and  
0.1 1 10
10
-4
10
-3
10
-2
10
-1
10
0
10
1
10
2
10
3
10
4
10
5
T
 9
e
T
 5
e
 
 
P
 (
e
V
/s
)
Te (K)
 Unscreened
 BG regime Unscreened
 Screened
 BG regime Screened
ne=1x10
18 cm-3
Figure 1: Electron cooling rate P vs electron temperature 
Te.         
                                                                                 
Si/SiGe [21] HJs and Si-MOSFETs [18] and δ = 6 in 
monolayer MoS2 [36]. This large enhancement of power 
in Cd3As2 is due to screening function, in the limit as 
q→0, ε2(q) ~ q – 4,  with q ~ T. In the same limit ε2(q) ~ q 
– 2 in low-dimensional semiconductor heterostructures 
[16,18].  We see from Fig. 1 that, for ne=1x10
18 cm-3,   
for the unscreened case P~ Te 
5 law is valid for Te up to 
about 0.4 K, where as for screened case P ~ Te 
9 is valid 
only for about Te below  0.1 K. This indicates that 
screening reduces the temperature range of BG regime 
considerably. P  is found to be very much sensitive to 
phonon group velocity. In BG regime for  screened 
(unscreened) case P ~ vs
-8 (vs
-4) as compared to vs
-6 (vs
-4) 
in conventional 2DEG [16,18], vs
-3 (unscreened) in 
graphene [22] and vs
-5 (vs
-3) for screened (unscreened) 
coupling  in monolayer MoS2[36]. 
 
It is to be noted that the analytical results of  
power loss study  in Ref. [37] don’t give any power law 
either for Te or ne dependence. Their results are for Te 
above BG regime. However, short-range disorder 
assisted power loss shows Te
4 with drastic enhancement, 
as there is no restriction on phonon momentum [37]. 
Comparison of magnitude of P in 3D Dirac 
fermions in Cd3AS2 for ne=1x10
18 cm-3 with that in 
monolayer graphene (i.e.2D Dirac fermions) for 
ns=1x10
12 cm-2 (ns being surface electron concentration), 
at 1 K,  shows that P in the latter case is about 50 times 
smaller. This is significant, although in 3D Dirac 
fermions P is due to screened coupling where as in 
graphene coupling is taken to be  unscreened [22].This 
difference may be attributed mainly to the larger vs in 
graphene which is about an order of magnitude larger 
than that in Cd3As2. Broadly, we observe,  values of  P 
(about 10 3 eV/s at 1 K and 10 6 eV/s at 10 K) in 
monolayer MoS2 [36] are much larger than the respective 
P values of 2DEG  in monolayer graphene [22], 
GaAs/GaAlAs HJs [16]  Si-MOSFETs[18] and 3DEG of  
Dirac fermions in  Cd3As2 (present work). Possible 
reasons are, in monolayer MoS2, (i) dominant P is due to 
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unscreened transverse acoustic phonon coupling and  (ii) 
velocity of these phonons is relatively smaller.  
 
In Figs. 2(a) and 2(b), P vs Te is shown, 
respectively, for screened and unscreened electron-
phonon coupling,  for ne= 1,5,10x10
17 cm-3. In the low Te 
region, P is smaller for larger  ne  and with the increasing 
Te the cross over is taking place reversing this trend. This 
may be attributed to power law being valid for larger Te 
range  for larger ne, before the smooth transition is made 
to  the behaviour in the higher Te region. In the low Te 
region the difference of P for different ne is smaller for 
unscreened coupling  compared to screened  case due to 
weaker ne dependence in the former. In the higher Te 
region the difference in P in the screened and unscreened 
values due to different ne is nearly same as screening 
effect becomes weaker.  
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Figure 2: Electron cooling rate P vs electron temperature 
Te for different ne. (a) Screened (b)Unscreened. Inset : 
P/Te
4 vs Te.  
In the inset of Fig. 2, we show P/ Te
 4 vs Te for 
ne = 1,5,10x10
17 cm-3, in which major Te 
4 dependence is 
removed. Deviations from this behaviour in low Te  
region indicate the onset of higher power dependence. 
Each curve is exhibiting a maximum at a particular 
temperature Tem which is shifting to  higher Te values for 
larger ne. Interestingly, at Tem, the magnitude of   P/ Te 
4 
for all the three ne is found to be nearly same with Tem 
/ne
1/3  nearly a constant value about 1x10 -6 K-cm.  For a 
given ne, the maximum of  P/ Te 
4, for screened and 
unscreened case, appears to occur nearly at the same Tem . 
Similar observations are made in a recent study of 
phonon-drag thermopower in this material [40]. We also 
note that matrix element g(q, k), arising from the spinor 
wave function, reduces the value at the  maximum by 
nearly two times. This effect is Te dependent as found in 
bilayer [34] graphene. 
We make the comparison of TBG  value in Cd3As2  with 
those in graphene and GaAs heterojunctions. In this 
connection, it is important to note that TBG depends only 
upon electron concentration and phonon velocity vs. In 
Cd3As2 TBG= 8.627 K for  ne=1x10
18 cm-3 (i.e. for  kf 
=2.455x106 cm-1 and Ef =160 meV) as compared to  TBG 
= 54.153 K for 2D electron concentration ns=1x10
12 cm-2  
(i.e. for kf = 1.722x10
6 cm-1  and Ef  = 117 meV) in  
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Figure 3. Electron cooling rate P vs electron 
concentration ne. (a) Te= 0.1 K  (b) Te = 0.3 K. 
5 
 
monolayer graphene [22]. This difference may be  
attributed to the large vs  ( ~ 2x10
6 cm/s) in graphene, an 
order of magnitude greater than that in Cd3As2, although  
kf in Cd3As2 is nearly 1.5 times that in  monolayer 
graphene. In GaAs HJs, for ns=1x10
12 cm-2 (kf  =2.5x10
6 
cm-1, Ef  = 35.51 meV), TBG=19.67 K for LA phonons 
with  vs= 5.14x10
5 cm/s. Although kf in Cd3As2 and 
GaAs HJs is nearly same, the difference in TBG is 
attributed to the difference in vs. 
 
In Fig. 3 (a), we present screened and 
unscreened P as a function of ne at Te =0.1 K  along with 
the respective BG regime curves. The dependence of P 
on ne is stronger at lower Te and becomes weaker at 
higher Te.  P  is found to decrease with the increasing ne, 
more rapidly in screened coupling case than unscreened 
P does. This is attributed to the additional ne dependence 
coming from qTF, in the screening function, which is 
proportional to the square root of the density of states and 
hence Ef. The P curve corresponding to unscreened case   
coincides with that of BG regime for the range of  ne 
considered, indicating the perfect validity of BG regime 
in this case at Te =0.1 K . The curve corresponding to 
screened  case tend to differ with BG regime curve less 
(more) in higher (lower) ne range.  The screening effect is 
found to enhance with the increasing ne. For eg, at Te 
=0.1 K,  P with  screening is  about two (three)  orders of 
magnitude smaller than the P without screening for ne = 
1x1017(10x1017) cm-3.  In BG regime, screened 
(unscreened) P ~ ne
-5/3(ne
-1/3) in contrast with ns
 -1/2 in 
monolayer graphene [22] and ns
 -3/2  in GaAs HJs [16], 
Si-MOSFETs [18], bilayer graphene [34] and monolayer 
MoS2 [36]. This difference is attributed to different 
dimensionality of the electron gas, nature of dispersion 
and screening function dependence on carrier 
concentration in 2D and 3D systems.  
In Fig. 3(b) P vs ne is shown at  Te= 0.3 K.  It is 
noticed that,  P due to unscreened coupling is still 
coinciding with that due to BG regime curve in the larger 
ne region and differing slightly in the lower ne region. 
Where as, there is large difference in the corresponding 
curves due to screening.  This difference is found to be 
larger for smaller ne.   
We also like to point out that, in conventional 
3D semiconductors, for which energy dispersion is 
quadratic, the screening function has the same form as 
given here for 3DDS, but qTF ~ ne 
1/6 [41] as D(Ef) ~ Ef
1/2. 
In the BG  regime this makes  the  change in ne 
dependence by ne 
2/3 in the denominator, as compared to  
the change by  ne
 4/3 in 3DDS. However, Te dependence 
in 3D semiconductors will be changed by Te
 4 as in 
3DDS. Hence, ne dependent measurements, rather than Te 
dependent, at very low Te, may  be used as tool to 
identify 3DDS phase as has been done in graphene [35]. 
Our predictions of Te and ne dependence of P, 
at low Te, may be used as better tool for determination of 
precise value of D, in Cd3As2 Dirac semimetal,  by 
comparing with the experimental results as done in 
graphene [29,30,35]. We feel there is need for more low 
Te experimental data of transport properties, that depend 
upon only electron-acoustic phonon interaction, to 
determine D which may set ultimate upper limit on 
intrinsic mobility of Cd3As2 Dirac semimetal. Phonon-
drag thermopower Sg is another such transport property 
which purely depends upon electron-acoustic phonon 
coupling and been studied by us in this system very 
recently [40]. The expression for F(T) and Sg derived in 
Ref. [40] are based on the same basic assumptions and 
are related, at  very low T,  by  F(T) = - ξSg (vseT/Λ), ξ  is 
a numerical constant of the order of unity, e is the charge 
of electron and Λ is the phonon mean free path. This 
relation is same as found in silicon inversion layer [18], 
where phonons are considered to be 3D, and monolayer 
graphene [22]. 
 
IV. CONCLUSIONS 
 
In summary, hot electron cooling rate P is   investigated 
in 3D Dirac semimetals (Cd3As2), taking account of  the 
effect of screening of electron-phonon interaction, in the 
temperature range Te =0.1-50 K and for electron 
concentration ne= (1-30)x10
17 cm-3 for lattice 
temperature T=0. Screening is found to suppress P very 
significantly for about Te < 1 K. P  is found to increase 
rapidly with the increasing Te for about Te < 1 K and 
showing weaker dependence at higher Te. Chiral nature 
of the electrons is found to reduce P, by a factor 
maximum of 2. At very low Te, P increases with 
decreasing ne. Power laws P ~  Te 
9 ( T e
5) and ne 
-5/3(ne 
-
1/3)  are obtained in the Bloch-Gruneissen regime for 
screened (unscreened) case. Besides, the strong 
dependence on acoustic phonon  velocity vs  i. e. P ~ vs
-8 
(vs
-4) is shown. The BG temperature is found to be very 
small compared to graphene and screening is found to 
push the strictly valid BG regime  to still lower Te. Our 
results obtained in the present calculations for T=0 also 
remain valid for T≠0, as long as T<< Te. We believe that 
the ne dependent measurements of hot electron relaxation 
will provide clearer signature of  3D Dirac semimetal 
phase. Also we point out that the theory developed in this 
work is applicable to Weyl semimetals.  
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